Background: The pathological and oncological outcomes of retro-pubic radical prostatectomy (RRP) and robot-assisted radical prostatectomy (RARP) have not been sufficiently investigated. Methods: Treatment-naïve patients with localized prostate cancer (PC) (n = 908; RRP, n = 490; and RARP, n = 418) were enrolled in the study. The clinicopathological outcomes, rate and localization of the positive surgical margin (PSM), localization of PSM, and biochemical recurrence (BCR)-free survival groups were compared between RRP and RARP. Results: The median patient age and serum PSA level (ng/mL) at diagnosis were 67 years and 7.9 ng/ml, respectively, for RRP, and 67 years and 7.6 ng/ml, respectively, for RARP. The overall PSM rate with RARP was 21%, which was 11% for pT2a, 12% for pT2b, 9.8% for pT2c, 43% for pT3a, 55% for pT3b, and 0% for pT4. The overall PSM rate with RRP was 44%, which was 12% for pT2a, 18% for pT2b, 43% for pT2c, 78% for pT3a, 50% for pT3b, and 40% for pT4. The PSM rate was significantly lower for RARP in men with pT2c and pT3a (p < 0.0001 for both). Multivariate analysis showed that RARP reduced the risk of BCR (hazard ratio; 0.6, p = 0.009). Conclusions: RARP versus RRP is associated with an improved PSM rate and BCR. To examine the cancer-specific survival, further investigations are needed.
Background
Robot-assisted radical prostatectomy (RARP) is widely used to treat localized prostate cancer (PC) [1] ; nevertheless, there have been no large randomized controlled trials demonstrating its superiority over retro-pubic radical prostatectomy (RRP) [2, 3] . A recently conducted randomized controlled study that was conducted on 326 patients with localized PC, equally allocated to RARP or RRP, did not show the advantage of RARP over RRP [4] . By contrast, RARP was associated with an improved positive surgical margin (PSM) and sexual function recovery within 12 months compared to RRP in a recent meta-analysis and several comparative studies [5] [6] [7] . A study revealed its superiority in terms of the biochemical recurrence rate (BCR) at 3 years (92.1% in RRP vs 96.8% in RARP) [8] , and the others performed parallel BCR between the two procedures [4, 6] . Pathological and oncological outcomes, including PSA-relapse and cancer-specific mortality, have not been sufficiently investigated.
Recently, we introduced the mentoring program during RARP, keeping the balance between surgical outcomes and surgeon education [9] . Here, we present the pathological and oncological outcomes, including localization of PSM, in men undergoing RRP and RARP at our institution.
Methods

Patient characteristics
Patients who underwent radical prostatectomy for localized PC between May 1, 2005 and May 31, 2016 at the University of Tokyo Hospital were included. The study was approved by the ethics committee (Permission ID: 3124) of the hospital. Written informed consent was obtained from each patient before surgery. We evaluated 908 patients with localized PC; 490 underwent RRP and 418 underwent RARP (Table 1) . Patients who received any adjuvant therapy, including radiotherapy (RT) and/or androgen deprivation therapy (ADT), were excluded. Since RARP became covered by insurance in Japan in April, 2012 we have performed RARP for all patients with localized PC. Neither the type of surgical procedure performed nor the individual experience of the surgeons were taken into account in the analysis of the data. The patients were followed-up by their surgeons at 3-month intervals for 5 years and annually thereafter. Biochemical recurrence (BCR) was defined as a consecutive increase in the serum PSA level over 0.2. Some patients experiencing BCR subsequently received salvage therapy, including RT, ADT, or RT combined with ADT.
Surgical techniques
We performed RRP using the retroperitoneal approach and RARP using the peritoneal approach, as previously described [9, 10] . Cavernous nerve preservation was performed in limited patients with RRP. In RARP, cavernous nerve preservation was conducted on the cancer-negative lobe. Bilateral preservation was limited if the patient's cancer was located at the transitional zone. Limited lymph node dissection was performed in all patients with RRP; however, it was performed in a limited number of patients who were diagnosed as having 5% or more lymph node metastasis with a Japan PC nomogram [11] .
Statistical analysis
The correlation between the age and serum PSA level was evaluated using the Wilcoxon rank sum test. The association between the clinicopathological findings and D' Amico risk classification was assessed using the chisquare test. BCR-free survival curves were plotted using the Kaplan-Meier method and verified using the Wilcoxon test. JMP 12.0 software (SAS Institute, Cary, NC) was used for the analysis, and p < 0.05 was considered statistically significant. Table 1 shows the patient characteristics, including the age, serum PSA levels, Gleason score, and D' Amico risk classification [12] . The median age at diagnosis was 67 years (range, 51-78 years) for the RRP group and 67 years (range, 47-80 years) for the RARP group. The median serum PSA level at diagnosis was 7.9 ng/ml for the RRP group and 7.6 ng/ml for the RARP group. Resected specimens were evaluated by two pathologists. The Gleason scores were 6 (n = 262), 7 (n = 194), and 8-10 (n = 33) for the RRP group and 6 (n = 83), 7 (n = 238), and 8-10 (n = 97) for the RARP group. Based on the D' Amico classifications of low, intermediate, and high risk, there were 177, 246, and 67 patients, respectively, in the RRP group and 62, 248, and 108 patients, respectively, in the RARP group. Compared with the RRP group, the RARP group had significantly advanced PC, as indicated by both the Gleason score (p < 0.0001) and D' Amico risk classification (p < 0.0001). Table 2 summarizes the pathological results, statistical analyses, and salvage therapy in the RRP and RARP groups. The RARP group was more likely to have a higher Gleason grade (p < 0.0001) and higher pathologic stage (p < 0.0001). The overall PSM rate with RARP was 21%, which was 11% for pT2a, 12% for pT2b, 9.8% for pT2c, 43% for pT3a, 55% for pT3b, and 0% for pT4. The overall PSM rate with RRP was 44%, which was 12% for pT2a, 18% for pT2b, 43% for pT2c, 78% for pT3a, 50% for pT3b, and 40% for pT4. The PSM rate was significantly lower in the RARP group of patients with stages pT2c and pT3a (p < 0.0001 for both). We classified the PSM site as the base, lateral lobe, apex, anterior, posterior, peri-prostatic fat tissues and seminal vesicle, as previously described [13] . Compared with the RRP group, the RARP group had PSM localization that was significantly less frequent at the lateral site (5.7% vs. 13%, p = 0.0003) and apex (7.8% vs. 28%, p = 0.0001).
Results
At the end of the follow-up period, 121 patients (25%) in the RRP group and 36 (8.7%) in the RARP group experienced BCR. The BCR-free survival rate was significantly higher in men treated with RARP than in those treated with RRP (p = 0.03, Fig. 1a ). There were significant differences between RARP and RRP in the number of patients classified as D' Amico low risk (p = 0.04) and intermediate RRP Retro-pubic radical prostatectomy; RARP Robot-assisted radical prostatectomy risk (p = 0.02) (Fig. 1b and c) , but there were not significant differences in the number of patients classified as D' Amico high risk (p = 0.9, Fig. 1d ).
Of the 108 patients classified as D' Amico high risk, 17 (17%) experienced BCR even if the resection margin was negative. Regression analyses revealed that perineural invasion was the only significant factor (p = 0.04) that was correlated with BCR in the D' Amico high risk patients with a negative surgical margin. Table 3 shows the results of univariate and multivariate proportional analyses for the association of BCR-free survival rate with the surgical procedures and clinicopathological characteristics of patients. The serum PSA (p = 0.001), GS (p = 0.007), extra prostatic extension (p < 0.0001), lymphovascular invasion (p = 0.009), perineural invasion (p < 0.0001), resection margin (p < 0.0001), lymph node metastasis (p = 0.004), and RARP (p = 0.04) were all significant prognostic predictors in the univariate analysis. The serum PSA and surgical procedure were selected for the multivariate analysis because significant correlations between RARP and factors, such as the Gleason score, extra prostatic extension, lymphovascular invasion, perineural invasion, PSM, and lymph node metastasis, were observed. Lymphovascular and perineural invasion were added for the analysis according to previous studies [14, 15] . Multivariate analysis revealed that RARP (HR, 0.6), perineural invasion (HR, 1.8), and the serum PSA level (HR, 1.6) were significant prognostic predictors.
Discussion
We compared the pathological findings and BCR-free survival rates of patients who underwent RRP with those who underwent RARP in a consecutive series at a single institution, and we demonstrated a 40% risk reduction in BCR in patients who underwent RARP. The present study and three published studies [6, 16, 17] that compared BCR between the same groups of patients showed similar patient characteristics, including the PSM rate, PSM sites, and BCR-free survival rate, and there were comparable outcomes between RRP and RARP (Table  4) . There were few possibilities for surgery selection bias because we completely switched from RRP to RARP after the instigation of insurance coverage in 2012. A propensity-based analysis to minimize treatment selection bias also demonstrated that RARP was associated with fewer PSM (13.6% vs 18.3%; odds ratio: 0.70; 95% confidence interval, 0.66-0.75) [5] .
In our study, the PSM rates after RRP (pT2, 33%; pT3, 76%; overall, 44%) were higher than those reported in other studies [4-6, 8, 16, 17] . One possible reason was the variability in the surgical proficiency among the different surgical teams at teaching hospitals. On the other hand, because RARP was introduced using a mentoring program [9] , both the oncological outcome and RARP instruction might have agreed with certified global standards. Very recently, a prospective, randomizedcontrolled, phase 3 study on 326 patients with localized PC allocated to either RARP or RRP by a single surgeon showed similar oncologic and functional outcomes RT + ADT 9 6
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RRP Retro-pubic radical prostatectomy; RARP Robot-assisted radical prostatectomy; N.A. Not applicable; RT radio therapy; ADT androgen deprivation therapy between RARP and RRP [4] . Although it was ideal to have the same surgeon with the most expertise perform the operations to reduce surgical heterogeneity in these comparative studies, such an approach was not feasible at a teaching hospital, where several surgeons learn and perform the procedure. The PSM sites reported in previous studies were not consistent [8, 16] . One study found significantly fewer PSM at the apex with RARP than with RRP (28% vs. 56%, p = 0.008) [16] , which was consistent with our result.
Another study did not find a significant difference in PSM at any site [8] . In this study, the significantly reduced PSM rate at the lateral site was probably due to our careful incision at the apex and lateral sites. We have several reasons for the better surgical outcomes with RARP compared RRP, especially in the apex and lateral sites. First, apical dissection could easily be performed during RARP. To prepare the dorsal vein complex (DVC), the bunching technique was used during RRP. However, this technique potentially modifies the shape of the apex or On the other hand, during RARP, we cut the DVC without the bunching technique. Using the DVSS scope, flexible Endowrist instruments, and careful irrigation technique, a large or complex shaped prostate in the apex could be more accurately dissected. For example, PSM was negative in patients with massive PC in the apex. Second, we dissected the lateral side of the prostate, including the peri-prostatic tissues, with the assistance of a fourth arm counter traction during RARP. This resulted in PSM reduction in pT3a cases. Our results for the PSM rate (pT2, 10%; pT3, 53%; overall, 21%) and BCR-free survival rate (3-year, 87% and 5-year, 84%) after RARP were consistent with those of the previous studies, although our patients had PC with a high Gleason score. We found significantly better BCR-free survival rates in patients who were D' Amico low risk (3-year, 97% and 5-year, 97% for RARP vs. 3-year, 86% and 5-year, 85% for RRP) and intermediate risk (3-year, 93% and 5-year, 89% for RARP vs. 3-year, 81% and 5-year, 77% for RRP). Two recent studies also reported different BCR-free survival rates of patients according to the D' Amico risk classification [17, 18] . Barocas et al. reported BCR-free survival rates of 85% at 3 years and 80% at 5 years in an intermediate-risk group [17] . In the present study, oncological outcomes were better in patients with D' Amico low and intermediate risks, but they were not comparable to those in the high-risk group. One reason for the high incidence of BCR in the highrisk group could be the aggressiveness of high-risk PC. Even if the surgical margin was negative, high-risk patients with peri neural invasion may be candidates for adjuvant therapy in the future. Compared with this observation, adjuvant radiotherapy improved the metastasis-free and overall survival in surgical patients with pT3N0M0 [18] . The Southwest Oncology Group showed the benefit of adjuvant androgen deprivation therapy in 481 men who were at high risk [19] . Further study is needed to clarify the oncological benefit of RARP in high-risk patients.
The present study had several limitations. First, the design was retrospective and observational at a single institution in an Asian country. Second, the follow-up period was relatively short in the RARP group. Third, the PSM may be decreased at the lateral site because there were few patients for whom the cavernous nerve was preserved compared to the patients in previous studies.
Conclusion
We observed a better oncologic outcome in patients who underwent RARP than in those who underwent RRP at a single institution. Additional follow-up is needed to confirm the significance of these findings on PC-specific mortality. 
